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CLAIMS 

What is claimed is: 

1. A method of encoding data into a chain reaction code having systematic output 
symbols and non-systematic output symbols, the method comprising: 

generating, from the data, a set of input symbols, the input symbols comprising 
systematic output symbols; and 

generating, from the set of input symbols, one or more non-systematic output 
symbols, wherein each of the one or more non-systematic output symbols is selected 
from an alphabet of non-systematic output symbols, and wherein each non-systematic 
output symbol is generated as a function of one or more of the input symbols, 

wherein any subset of the set of input symbols is recoverable from (i) a 
predetermined number of non-systematic output symbols, or (ii) a combination of (a) 
input symbols which are not included in the subset of input symbols that are to be 
recovered and (b) one or more of the non-systematic output symbols. 

2. The method of claim 1, wherein generating one or more non-systematic output 
symbols comprises: 

generating a plurality of intermediate input symbols from the set of input 
symbols; and 

encoding the plurality of intermediate input symbols into one or more non- 
systematic output symbols, wherein one or more intermediate input symbols are encoded 
into one non-systematic output symbol. 

3. The method of claim 2, wherein generating the plurality of intermediate input 
symbols comprises: 

computing systematic keys for the plurality of input symbols; and 
generating, from the plurality of input symbols and corresponding systematic 
keys, a plurality of intermediate input symbols. 
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4. The method of claim 3, wherein computing systematic keys for the plurality of 
input symbols comprises constructing a matrix having K columns and J rows, wherein K 
corresponds to the number of input symbols, the method further comprising: 

(i) initializing J to 0; 

(ii) computing a key D(J) as a function of J; 

(iii) computing row entries of the J^^ row as a function of the key D(J); and 

(iv) determining if the rows in the matrix are linearly independent, 

wherein if the matrix rows are not linearly independent J is incremented to J + 1 
and (ii)-(iii) are repeated, and wherein if the matrix rows are linearly independent the 
systematic keys are computed as a function of the linearly independent rows. 

5. The method of claim 4, wherein (ii) computing a key D(J) comprising using a 
random number generator to compute key D(J) as a function of J. 

6. The method of claim 4, wherein the row entries comprise a value of 0 or 1. 

7. The method of claim 3, wherein computing systematic keys for the plurality of 
input symbols comprises: 

(i) computing L unique keys D(0)-D(I^1), wherein L is a predefined number; 

(ii) constructing a modified decoding matrix having K columns and L rows, 
wherein K corresponds to the number of input symbols, and wherein for any value of j 
between 0 and L-1 the row entries along the j*^ row are computed as a function of the key 
DO); and 

(iii) solving the set of linear equations described by the modified decoding matrix, 
wherein the systematic keys are computed as a function of the solutions of the linear 
equations. 

8. The method of claim 1, further comprising transmitting the systematic output 
symbols and the non-systematic output symbols over a communication chaimeL 
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9. The method of claim 8, further comprising: 

receiving one or more systematic output symbols comprising a first subset of the 
set of input symbols; 

receiving one or more non-systematic output symbols, wherein each non- 
systematic output symbol is selected from an alphabet of non-systematic output symbols, 
and wherein each non-systematic output symbol is generated as a function of one or more 
of the input symbols; and 

recovering a remaining subset of the set of input symbols comprising one or more 
input symbols not included in the first set of input symbols, the remaining subset of input 
symbols recovered from: 

(i) a predetermined number of non-systematic output symbols; or 

(ii) a combination of (a) one or more input symbols from the first subset, and (b) 
one or more non-systematic output symbols. 

10. The method of claim 9, wherein recovering a remaining subset of input symbols 
from a combination of (a) one or more input symbols from the first subset, and (b) one or 
more non-systematic output symbols comprises: 

decoding a combination of the one or more received non-systematic output 
symbols and the one or more received systematic input symbols into a plurality of 
intermediate input symbols; and 

encoding the plurality of intermediate input symbols into a plurality of input 
symbols comprising a remaining subset of input symbols, the remaining subset of the 
input symbols comprising one or more input symbols not included in the first set of input 
symbols. 

11. The method of claim 10, wherein decoding the one or more non-systematic output 
symbols and the one or more systematic output symbols into a plurality of intermediate 
input symbols comprises: 

computing systematic keys corresponding to the received systematic output 
symbols; 
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computing non-systematic keys corresponding to the received non-systematic 
output symbols; and 

generating, from the systematic keys, the non-systematic keys, the received non- 
systematic output symbols, and the received systematic output symbols the plurality of 
intermediate input symbols. 

12. The method of claim 10, wherein encoding the plurality of intermediate input 
symbols into one or more input symbols comprising the remaining subset of input 
symbols comprises: 

computing systematic keys for the systematic output symbols not received; and 
generating, from the systematic keys corresponding to the systematic output 

symbols not received and the intermediate input symbols, the remaining subset of input 

symbols. 

13. A method of decoding a chain reaction code having systematic output symbols 
and non-systematic output symbols into a set of input symbols, the input symbols 
comprising data which is sought, the method comprising: 

providing a first subset of the set of input symbols, the first subset of input 
symbols comprising one or more systematic output symbols; 

providing one or more non-systematic output symbols, wherein each non- 
systematic output symbol is selected from an alphabet of non-systematic output symbols, 
and wherein each non-systematic output symbol is generated as a function of one or more 
of the input symbols; and 

recovering a remaining subset of the input symbols comprising one or more input 
symbols not included in the first set of input symbols, the remaining subset of input 
symbols recovered from: 

(i) a predetermined number of non-systematic output symbols; or 

(ii) a combination of (a) one or more input symbols from the first subset, and (b) 
one or more non-systematic output symbols. 
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14. The method of claim 13, wherein recovering a remaining subset of input symbols 
from a combination of (a) one or more input symbols from the first subset, and (b) one or 
more non-systematic output symbols comprises: 

decoding a combination of the one or more received non-systematic output 
symbols and the one or more received systematic input symbols into a plurality of 
intermediate input symbols; and 

encoding the plurality of intermediate input symbols into one or more input 
symbols comprising a remaining subset of input symbols, the first subset and remaining 
subset of input symbols collectively forming the set of input symbols. 

15. The method of claim 14, wherein decoding the one or more non-systematic output 
symbols into a plurality of intermediate input symbols comprises: 

computing systematic keys corresponding to the received systematic output 
symbols; 

computing non-systematic keys conesponding to the received non-systematic 
output symbols; and 

generating, from the systematic keys, the non-systematic keys, the non-systematic 
output symbols, and the received systematic output symbols the plurality of intermediate 
input symbols. 

16. The method of claim 13, wherein encoding the plurality of intermediate input 
symbols into one or more input symbols comprising the remaining subset of input 
symbols comprises: 

computing systematic keys for the systematic output symbols not provided; and 
generating, from the systematic keys corresponding to the systematic output 

symbols not received and the intermediate input symbols, the remaining subset of input 

symbols. 

17. The method of claim 13, further comprising receiving the systematic and non- 
systematic output symbols by means of a transmission sent along a communication 
channel. 
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18. A method of processing data using chain reaction codes, the method comprising: 
generating, from the data, a set of input symbols, the input symbols comprising 

systematic output symbols; 

generating, from the set of input symbols, one or more non-systematic output 
symbols, wherein each of the one or more non-systematic output symbols is selected 
from an alphabet of non-systematic output symbols, and wherein each non-systematic 
output symbol is generated as a function of one or more of the input symbols; 

receiving a first subset of the set of input symbols, the first subset of input 
symbols comprising one or more systematic output symbols; 

receiving one or more non-systematic output symbols, wherein each non- 
systematic output symbol is selected from an alphabet of non-systematic output symbols, 
and wherein each non-systematic output symbol is generated as a function of one or more 
of the input symbols; and 

recovering a remaining subset of the input symbols comprising one or more input 
symbols not included in the first set of input symbols, the remaining subset of input 
symbols recovered from: 

(i) a predetermined number of non-systematic output symbols; or 

(ii) a combination of (a) one or more input symbols from the first subset, and (b) 
one or more non-systematic output symbols. 

19. The method of claim 18, wherein generating one or more non-systematic output 
symbols comprises: 

generating a plurality of intermediate input symbols from the set of input 
symbols; and 

encoding the plurality of intermediate input symbols into one or more non- 
systematic output symbols, wherein one or more intermediate input symbols are encoded 
into one non-systematic output symbol. 

20. The niethod of claim 19, wherein generating the plurality of intermediate input 
symbols comprises: 

computing systematic keys for the plurality of input symbols; and 
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generating, from the plurality of input symbols and corresponding systematic 
keys, a plurality of intermediate input symbols. 

21. The method of claim 18, wherein recovering a remaining subset of input symbols 
from a combination of (a) one or more input symbols from the first subset, and (b) one or 
more non-systematic output symbols comprises: 

decoding a combination of the one or more received non-systematic output 
symbols and the one or more received systematic output symbols into a plurality of 
intermediate input symbols; and 

encoding the plurality of intermediate input symbols into one or more input 
symbols comprising a remaining subset of input symbols, the first subset and remaining 
subset of input symbols collectively forming the set of input symbols. 

22. The method of claim 21, wherein decoding the one or more non-systematic output 
symbols and the one or more received systematic output symbols into a plurality of 
intermediate input symbols comprises: 

computing systematic keys corresponding to the received systematic output 
symbols; 

computing non-systematic keys corresponding to the received non-systematic 
output symbols; and 

generating, from the systematic keys, the non-systematic keys, the non-systematic 
output symbols, and the received systematic output symbols the plurality of intermediate 
input symbols. 

23. The method of claim 18, wherein encoding the plurality of intermediate input 
symbols into one or more input symbols comprising the remaining subset of input 
symbols comprises: 

computing systematic keys for the systematic output symbols not provided; and 
generating, from the systematic keys corresponding to the systematic output 

symbols not received and the intermediate input symbols, the remaining subset of input 

symbols. 
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24. The method of claim 18, farther comprising receiving the systematic and non- 
systematic output symbols by means of a transmission sent along a conununication 
channel. 

25. The method of claim 18, wherein receiving a first subset of the set of input 
symbols comprises receiving a transmission containing a first subset of the set of input 
symbols, and wherein receiving one or more non-systematic output symbols comprises 
receiving a transmission containing the one or more non-systematic output symbols. 

26. An encoder configured to encode a set of input data into a chain reaction code, the 
chain reaction code including systematic output symbols and non-systematic output 
symbols, the encoder comprising: 

an input symbol generator coupled to receive the set of input data and operable to 
output, in response, one or more input symbols; 

a systematic key generator operable to generate a systematic key corresponding to 
each input symbol; 

a non-systematic key generator operable to generate one or more non-systematic 

keys; and 

a systematic encoder coupled to receive the one or more input symbols, the 
systematic keys, and the non-systematic keys and to output, in response, one or more 
non-systematic keys and one or more input symbols, wherein the output input symbols 
comprise systematic output symbols. 

27. The encoder of claim 26, wherein the systematic encoder comprises: 

a chain reaction decoder coupled to receive the one or more input symbols and 
systematic keys corresponding to the one or more input symbols, the chain reaction 
decoder operable to produce, in response, one or more intermediate input symbols; 

a chain reaction encoder coupled to receive the one or more intermediate input 
symbols and the one or more non-systematic keys, the chain reaction decoder operable to 
produce, in response, one or more non-systematic output symbols. 
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28. The encoder of claim 27, further comprising a transmit module coupled to receive 
the one or more input symbols and the one or more non-systematic output symbols, the 
transmit module operable to transmit the input symbols and the non-systematic output 
symbols, wherein the transmitted input symbols comprise systematic output symbols. 

29. An decoder configured to decode a set of chain reaction codes, the chain reaction 
code including one or more non-systematic output symbols and one or more systematic 
output symbols, the decoder comprising: 

a non-systematic key generator configured to generate a set of non-systematic 
keys for each acquired non-systematic output symbols; 

a systematic key generator configured to regenerate one or more systematic keys; 

a systematic decoder coupled to receive the one or more systematic output 
symbols, the one or more systematic output symbols, the systematic keys, and the non- 
systematic keys, and to output, in response, one or more input symbols. 

30. The decoder of claim 29, wherein the systematic key regenerator is configured to 
regenerate a first set of systematic keys and a second set of systematic keys, wherein each 
of the first set of systematic keys corresponds to an acquired systematic output symbol, 
and wherein each of the second set of systematic keys corresponds to a missing 
systematic output symbol. 

31. The decoder of claim 30, wherein the systematic encoder comprises: 

a chain reaction decoder coupled to receive the received systematic output 
symbols, the set of non-systematic keys, and the first and second set of systematic keys, 
the chain reaction decoder producing, in response, a corresponding set of intermediate 
input symbols; and 

a chain reaction encoder coupled to receive the intermediate input symbols 
and the second set of systematic keys, the chain reaction encoder producing, in response, 
a copy of the missing systematic output symbols, 
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wherein the received systematic output symbols in combination with the copy of 
the non-received systematic output symbols comprises the complete set of transmitted 
input symbols comprising the set of original data. 

32. A computer program product, stored on a computer readable medium, for 
encoding data into a chain reaction code, the chain reaction code including systematic 
output symbols and non-systematic output symbols, the computer program product 
comprising: 

instruction code to generate, from the data, a set of input symbols, the input 
symbols comprising systematic output symbols; and 

instruction code to generate, from the set of input symbols, one or more non- 
systematic output symbols, wherein each of the one or more non-systematic output 
symbols is selected from an alphabet of non-systematic output symbols, and wherein 
each non-systematic output symbol is generated as a function of one or more of the input 
symbols, 

wherein any subset of the set of input symbols is recoverable from (i) a 
predetermined number of non-systematic output symbols, or (ii) a combination of (a) 
input symbols which are not included in the subset of input symbols that are to be 
recovered and (b) one or more of the non-systematic output symbols. 

33. The computer program product of claim 32, wherein instruction code to generate 
one or more non-systematic output symbols comprises: 

instruction code to generate a plurality of intermediate input symbols from the set 
of input symbols; and 

instruction code to encode the plurality of intermediate input symbols into one or 
more non-systematic output symbols, wherein one or more intermediate input symbols 
are encoded into one non-systematic output symbol. 
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34. The computer program product of claim method of claim 33, wherein the 
instruction code to generate the plurality of intermediate input symbols comprises: 

instruction code to compute systematic keys for the plurality of input symbols; 

and 

instruction code to generate, from the plurality of input symbols and 
corresponding systematic keys, a plurality of intermediate input symbols. 

35. A computer program product, stored on a computer readable storage medium, for 
decoding a chain reaction code into a set of input symbols, the chain reaction code 
including systematic output symbols and non-systematic output symbols, the input 
symbols comprising data which is sought, the computer program product comprising: 

instruction code to provide a first subset of the set of input symbols, the first 
subset of input symbols comprising one or more systematic output symbols; 

instruction code to provide one or more non-systematic output symbols, wherein 
each non-systematic output symbol is selected from an alphabet of non-systematic output 
symbols, and wherein each non-systematic output symbol is generated as a function of 
one or more of the input symbols; and 

instruction to recover a remaining subset of the input symbols comprising one or 
more input symbols not included in the first set of input symbols, the remaining subset of 
input symbols recovered from: 

(i) a predetermined number of non-systematic output symbols; or 

(ii) a combination of (a) one or more input symbols from the first subset, and (b) 
one or more non-systematic output symbols. 

36. The computer program product of claim 35, wherein the instruction code to 
recover a remaining subset of input symbols from a combination of (a) one or more input 
symbols from the first subset, and (b) one or more non-systematic output symbols 
comprises: 

instruction code to decode a combination of the one or more received non- 
systematic output symbols and the one or more received systematic input symbols into a 
plurality of intermediate input symbols; and 
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instruction code to encode the plurality of intermediate input symbols into one or 
more input symbols comprising a remaining subset of input symbols, the first subset and 
remaining subset of input symbols collectively forming the set of input symbols. 

37. The computer program product of claim 36, wherein the instruction code to 
decode the one or more non-systematic output symbols and the one or more received 
systematic input symbols into a plurality of intermediate input symbols comprises: 

instruction code to compute systematic keys corresponding to the received 
systematic output symbols; 

instruction code to compute non-systematic keys corresponding to the received 
non-systematic output symbols; and 

instruction code to generate, from the systematic keys, the non-systematic keys, 
the non-systematic output symbols, and the received systematic output symbols the 
plurality of intermediate input symbols. 

38. The computer program product of claim 36, wherein instruction code to encode 
the plurality of intermediate input symbols into one or more input symbols comprising 
the remaining subset of input symbols comprises: 

instruction code to compute systematic keys for the systematic output symbols not 
provided; and 

instruction code to generate, from the systematic keys corresponding to the 
systematic output symbols not received and the intermediate input symbols, the 
remaining subset of input symbols. 
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